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Introduction
Land use and land cover change is often driven by population growth and the accompanying economic growth and development, which lead to demands for land to produce food, feed, fibre and fuel (FaO 2010a) . In kenya, the demand for woodfuel is one of the key drivers of deforestation and land degradation. The fuelwood accounts for 70% of all energy consumed nation-wide and up to 90% of that consumed in rural areas (Diaz-Chavez et al. 2010) . Woodfuels are used because they are the most available and affordable energy source in rural areas (anderson et al. 1999; FaO 2010b ). Woodfuel energy is an issue that ties together forest resources, livelihoods and sustainable development. Forests act as a safety net for the poor, providing them with goods and services they are unable to afford in the marketplace. The loss of forests and denied access to forest products deprives rural dwellers of the forest goods and services they need for their subsistence and livelihoods. The cost of forest goods tends to rise as forests become scarcer, with obvious implications for the poor in towns where people need to use the larger portion of their income to buy fuelwood, and for women in the countryside who use Unsustainable charcoal production as a contributing factor... more time to collect it from further away. The loss of forests can also harm tourism and food sources leading to increasing hardship for the poor (CIFOR 2005) .
Women and girls are generally the most involved in the collection and use of woodfuels for cooking, which signifies that women largely determine household energy consumption patterns (amous 1999) . Woodfuels also bare an impact on their health because of the heavy carrying loads and smoky cooking environments (anderson et al. 1999; FaO 2010b) . On the other hand, a large number of people are employed in different phases of woodfuel production. The charcoal supply chain employs through the collection and sizing of the wood, the preparation of kilns for converting wood to charcoal, the loading of wood into kilns and the unloading of charcoal after conversion, in addition to bundling, packaging, transportation and marketing. additional employment is created by the activities that use charcoal, such as restaurants and food processing industries (FaO 2010b) .
according to Chambers and Conway (1991) , sustainable development suggests that environmental sustainability and human economic development are compatible, attainable and inseparable, enabling a situation where both development and environmental protection are achievable. Livelihood, for one, is sustainable when it is able to cope with and recover from stresses and shocks, and maintain or enhance its capabilities and assets both now and in the future, respecting the natural resource base. Currently, unsustainable resource use is threatening the ecosystem services on which our lives depend. The possibility of future generations to meet their needs should, however, be as important as our own needs, as was first stated by the Brundtland Commission in 1987 (WCeD/UN 1987 .
Poverty reduction and maintenance of sustainable livelihood systems in developing countries are related to good land use practices (kNCHR 2006); likewise, clear tenure and user rights are essential for successful forest management (eliasch 2008) . sustainable land use and development depend on national, regional and local policy and leadership, and on the participation of local people, who must perceive its benefits in order to contribute positively to the settings (skidmore 2002). Without secure land tenure and user rights, locals are reluctant to participate in the sustainable management of the forests and to safeguard the forest ecosystem services (White & Mustalahti 2005; FaO 2006) . The kenyan government policy states that all forests should be managed on the basis of approved management plans guided by sound forest management principles (Mbuvi et al. 2011). according to Nature kenya (2008), the study area of Dakatcha Woodland in se kenya has suffered major damage from uncontrolled logging and clearing especially -within the Cynometra-BrachylaenaBrachystegia forests -to provide firewood for local energy needs charcoal burning to satisfy energy demands in the nearby centres and towns -mainly Malindi and Mombasa -, encroachment by local people into the woodland through agricultural expansion and shifting cultivation, fires from charcoal burning and agricultural activities, and extremely high levels of unsustainable bush meat hunting. Nearly 40% of the households in Dakatcha Woodland are involved in charcoal production (Nature kenya 2010). Weak institutional framework and land tenure system, deforestation and poor soils, high population growth and illiteracy and ignorance are some of the contributing factors to the poverty experienced in the area (Mbuvi et al. 2011) . although the area lacks a Management plan, zonation of the woodland was proposed in a master plan drafted in 2010 in a participatory way in order to facilitate the development of conservation practices that would sustain livelihoods (ibid.).
Remote sensing (Rs) and Geographical Information systems (GIs) provide a means to quantitatively assess the change in land cover and thus the state of the environment. Combined with qualitative and quantitative socio-economic data collected with semi-structured interviews, observation and questionnaires offer ways to assess the poverty-environment linkages and data for land and forest resource management planning. This paper has a deductive approach as it leans on the biodiversity and ecosystem service theory formed by the Millennium ecosystem assessment (Ma 2005) , implying that diminishing biodiversity and weakening ecosystem services deteriorate livelihoods. The first objective is to map the recent change in land cover by analysing in-situ data and satellite imagery from four sPOT satellite images from 2005, 2006 and 2011 in Rs and GIs applications. The second objective is to find out the significance charcoal production has for local livelihoods and the influence it bears, along with the local energy consumption, for the environment. The third objective is to explore the possibilities for sustainable development and livelihoods in the area.
Study area
Dakatcha Woodland is an unprotected tract of community held land (Trust land) and private land on 03°01's, 39°51'e in the Magarini District, Coast Province, se kenya (Fig. 1) . It is one of the last patches of relatively intact coastal woodland that, together with arabuko-sokoke Forest (asF) and fragments of Madunguni forests form the only remaining part of the northernmost block of Miombo woodlands, which used to extend from southern somalia to northern Mozambique (Musila et al. 2006; Mbuvi et al. 2011) .
Dakatcha Woodland was identified as an Important Bird area (IBa) in the 1990s. The IBa area reaches 25,000 ha to the northwest of Baricho town and another 7,000 ha to the northwest of Marafa town (Mbuvi et al. 2011 
Physical geography
The landscape of Dakatcha Woodland is gently undulating; the slope gradient varies between 0 to 10%, and the altitude, between 25 and 350 m a.s.l. (Foeken 2003) . Red soils, brown soils, blackcotton soils and sandy soils are the main soil types (Teel 1988) . according to FaO 90 classification (IsRIC 2010) , dominant soils in the area are Vertisols, Solonetz, Ferralsols and poorly fertile sandy Arenosols, which provide the base for the Miombo woodlands.
The Inter-Tropical Convergence Zone (ITCZ) defines two rainy seasons in Dakatcha Woodland: the main rainfall happens from april to June, leading into a relatively short water surplus in the soil (Foeken 2003) . Dakatcha Woodland IBa is located almost completely in the semi-arid agro-Climatic Zone v-1, where the mean annual temperature ranges from 24 ºC to 30 ºC, moisture availability from 25% to 40%, average annual rainfall from 450 to 900 mm, and average annual potential evaporation from 1,650 mm to 2,300 mm (Braun 1980) .
Field observations support Macharia's (1996) four physiognomic vegetation classes in the area: 1) the main vegetation type is woodland com- Unsustainable charcoal production as a contributing factor... posed of broadly spreading Brachystegia spiciformis trees over 5 meters high and sparse ground cover; in areas including large Julbernardia magnisipulata and Manilkara sulcata trees, the understorey includes a variety of shrubs; 2) extremely dense broad-leaved thicket mostly less than 5 meters high with completely closed canopy, mainly Cynometra webberi species; 3) areas of scrub, dense thicket or bush land with succulents; and 4) grassy areas with scattered trees and shrub.
Socio-economical features
The population, 30,000 in 2010, is sparsely distributed with concentrations in major trading centres such as Marafa, Garashi, Baricho and adu (Marafa Government Office 2011; Mbuvi et al. 2011) . access to housing, sanitation, water and energy directly impacts the welfare of household members (kNBs 2007). In Dakatcha Woodland particularly, the access to water has been limited since, during dry periods, the two seasonal rivers -Deki and koromi -dry out and leave River sabaki as the main water source (a Rocha kenya 2009). The locals mainly use firewood, charcoal and kerosene for energy supply (kinayia 2011; Marafa Government Office 2011). The government and Malindi County Council (MCC)-administered Rural electrification Project was ongoing during april 2011 in the area to bring in mainly lighting-purposed electricity to dispensaries and shops. solar panels are used in some of the villages, but the repairs and maintenance of photovoltaic devices has proved difficult in the area (Marafa Government Office 2011). The locals lack resources, in terms of both money and willingness, to obtain and get used to alternative energy options like the improved cooking stoves jikos (Ngari 2011).
Farming, livestock keeping, small businesses and casual labour are the main economic activities in the area (Marafa Government Office 2011). The main source of income used to be pineapple farming, but recently off-farm work, such as ecotourism or charcoal making, has become a supplier of additional income (Ikiara 2003; Waaijenberg 2003) . MCC considers Dakatcha Woodland as a challenging area in terms of available opportunities to support livelihoods, mainly due to the sandy soils that cannot support substantial agriculture (kinayia 2011). Table 1 describes other contributing factors.
In 2006, the conservation NGO Nature kenya started to work with the Critical ecosystem Partnership Fund (CePF) on the communities adjacent to Dakatcha Woodland to institute sustainable systems such as bee-keeping and eco-tourism. There are excellent opportunities for eco-tourism in the area due to rich biodiversity and cultural attractions like the Kayas sacred forests (Fig. 2) . However, poor marketing and infrastructure together with unsustainable use of natural resources set challenges to the development of the sector (Mbuvi et al. 2011) .
In Dakatcha Woodland, the locals have formed management groups because the MCC does not know the exact boundaries of the piece of land under its jurisdiction nor does it have a management system in place (Musila et al. 2006; Mbuvi et al. 2011) . The lack of clear management and formal protection status quickly exposes the area as being fragmented, disturbed and unsustainably exploited (Musila et al. 2006) .
Land cover change analysis by Mwanikah (2008) shows a decline of 19.3% in the forest cover from 1975 to 1987, -48.4% (1987 to 2000) and -58.3% (1975 to 2000) in the area including Dakatcha Woodland. Glendey found in 2005 a general decline of 40 % in the forest areas surrounding Dakatcha Woodland, amounting to a loss of 710 ha per year over the period 1990 to 2000 (Mbuvi et al. 2011 ). The forest cover had reduced especially in the se parts of the area, around Wakala, Magarini, Garashi and Marafa towns. This can be attributed to the increase in urbanization, farming and livelihood activities such as charcoal burning and timber cutting in the area (Mbuvi et 
Data and methods

Socio-economic data
Data was collected through observation, questionnaires and interviews. Literature from Nature kenya (2010), Mbuvi et al. (2011) and kNBs (2007) provided important household data while Musila et al. (2006 ), kNCHR (2006 , FaO (2010b FaO ( ), kinyanjui (1987 and Diaz-Chavez et al. (2010) contributed to information about livelihoods and woodfuels.
Questionnaires including both quantitative and qualitative questions were conducted within 90 households during one week in October 2010 by three local research assistants who worked individually in the western side of Dakatcha Woodland (Fig. 2) . One of the questionnaires failed. The size of the sample, as well as the sampling area, restricts broad generalization of the results (Hirsjärvi et al. 2004 ). Nature kenya staff was consulted about the questionnaire before starting the household visits to assure its suitability. The use of assistants was chosen due to a time constraint, but also because the local assistants and staff from Nature kenya opined that an outsider (young white female) would not get reliable data.
semi-structured expert interviews were agreed on beforehand and the purpose of the interviews Unsustainable charcoal production as a contributing factor... was clear to the participants 2 . Themes covered the current state of the woodland related to land tenure and management, household energy consumption and charcoal production and transportation in the area, administrative settings in place related to charcoal production, current income-generating activities and the possibilities for sustainable management systems.
Improvised informal discussions and un-structured theme interviews were conducted during the field observations, for instance, if local charcoal makers, local dwellers, policemen, cess collectors and charcoal transporters were met in the forest. a monitoring of the volume of charcoal transport was commissioned in the sabaki village, where research assistants counted the amount of charcoal and firewood transported on vehicles daily from 6am to 6pm during one week (april 18 to 24, 2011).
Contents of the interviews and open questions in the questionnaires were analysed by themes and connections that related them to the theoretical framework as recommended by Hirsjärvi and Hurme (2006) . statistical analysis was conducted on Microsoft excel. Research assistants were compensated for their work, but participating households and interviewees received no compensation.
Remote sensing and GIS data
Rs and GIs data was obtained both by desk studies and in situ measurements and observations. a Digital elevation Model (DeM) from africa soil Information service -afrHysRTM (vagen 2010) was used alongside topographic maps and other shapefiles provided by a Rocha kenya and Nature kenya in producing data for the mapping. To derive soil data, kss and IsRIC-compiled 1:1M geo-referenced soil and Terrain Database for kenya (kensOTeR) (IsRIC 2010) was used. shapefiles of existing accessible roads, water bodies, important towns and ecotourism sites were digitised based on the scanned topographic maps, satellite images and field observations. Tree DBH that is the outside bark diameter at breast height was used to measure the maturity of trees in the randomly chosen 17 test plots of 30x30 m each. Breast height is defined as 1.37 m above the forest floor on the uphill side of the tree (FOResTRY 2011). Bila and Lindgren (1998) define a mature Brachystegia spiciformis to be of 0.4 to 0.6 m on DBH. However, trees ≥ 0.15 m in DBH were classified as mature in this study as this size is commonly used for charcoal production in the area. For all spatial data, if needed, the geographic coordinate system was transformed to follow the default parameters of the kenya Topographical maps (Table 2) .
spatial data related to charcoal production sites and household locations as well as ground truth and ground reference test data for accuracy assessment was collected using Global Positioning system (GPs) device MaGeLLaN. eRDas IMaGINe 9.2 and eNvI software were used for deriving the land cover data whereas arcGIs 9.3 applications were utilised for map making and analysis.
sPOT (Le Système Pour l'Observation de la Terre) imagery was derived from the eOLIsa image server. It was used due to appropriate resolution and access to suitable scenes. Unsupervised land cover classifications were conducted before the fieldwork, but supervised classification was chosen as the final classification method because it gives the analyst more control due to a priori knowledge about the area of interest (Clark 2007). spectral statistics for each land cover class were used for a classifica- Table 2 . Coordinate system used in survey of kenya 1:50,000 scale series topographic maps and Dakatcha Woodland mapping. a geo-registered mosaic of eight kenya Topographical 1:50,000 map sheets from 1981 and 1991 (kenya Topographical Map 1:50,000; sheet mosaic 1981/1991), acquired from Omnimap, was utilised in the satellite image map-to-image rectification and in digitalization of infrastructure and waterways.
FENNIA 191: 1 (2013) Eeva Ruuska tion algorithm to assign every pixel in an image to the class for which its multispectral properties are most similar (Woodcock et al. 2002; Clark 2007) . scenes were pre-processed and classified prior to mosaicing in order to minimise the influence of differences in scene reflection in the classification result. The change detection was done by comparing the percentage of each land cover class in classified images from 2005/06 and 2011. Ground reference test data was used for accuracy assessment together with reference data collected from the images. Figure 4 describes the steps taken in pre-processing and classification of the imagery.
Land Cover Classification system (LCCs) was used to create a land cover legend compliant to the FaO -UNeP international standard. The user must have good a priori knowledge of the actual land cover in the area to be classified (Clark 2007) . The applied classification scheme depends on the purpose of the land cover classification, in this case, the main mapping object were the remaining forests and woodlands (Table 4). 
Results
Land cover change
The spectral reflectance of vegetation canopies is known to be influenced by several factors including the overall life form of the vegetation, leaf properties, vegetation height or tree size, the fractional cover of vegetation, soil colour and the health and water content of leaves (Belward 1991) . The net effect is that the same vegetation type may have many spectral manifestations in the image (Woodcock et al. 2002) . This may cause confusion between classes. The results from the land cover change analysis are visible in Figure 5 . Table 3 . scene parameters for the sPOT imagery. Level 2a sPOT data has been orthorectified to a UTM projection with a WGs-84 spheroid and datum. Images were taken during the same season, making the image mosaicing and land cover change detection easier as the objects appear similarly and the seasonal change of vegetation does not confuse the classification. The ground truth data was collected, however, in a different season, which might cause some minor incoherence.
Unsustainable charcoal production as a contributing factor... Table 4 . LCCs legend describes the ten land cover classes created for Dakatcha Woodland. It is visible that the woodland areas are fragmenting, but concentrations of Brachystegia type woodland and Cynometra thicket still exist. Woodland cover has slightly increased from 2005 to 2011 from 20.7% to 25.2%. However, there are significant changes in the spatial distribution of the forest areas, which no longer quite coincide with the IBa. The woodland classes have decreased especially on the western block of the IBa, giving way to agriculture and woody vegetation, which have both increased in area. Woody vegetation is classified as the biggest land cover class. However, it has varying reflection curves due to the variety of plants and canopy covers, which makes the differentiation from woodland classes difficult. Thicket class has also grown in area from 9.6% to 12.3%. some thicket areas have increased outside the western IBa block -the change is from woody vegetation, but on the other hand some woodland and thicket have given way to bush land in the inner section of the eastern block. The differentiation between grassland and bare land proved difficult because of the shallow vegetation cover and similar soil properties, which can be seen especially in the western side of the area. The reflection from the unpaved roads and other constructed areas could not be differentiated from natural bare areas.
Importance of charcoal to livelihoods
small-scale agriculture is still the main livelihood in Dakatcha Woodland, providing more than half of the household income to nearly 60% of the assessed households. Despite the poor agricultural conditions, pineapple was still found to bring income to many households in its limited growing zone in Mulunguni, Chamari, Wakala and Dololo, although it was found that the local youth prefer working in the tourism industry in Malindi or in other jobs in Mombasa because they provide easier income. a fair half (50.6%) of the households is involved in charcoal production. The figure is higher than the result, 39.6%, cited in a previous study (Nature kenya 2010). It can be discussed if the closeness of the assessed households to the main charcoal production areas influenced the result. More than half of the households produced charcoal on community land and women were involved in producing 41.5% of the charcoal. Interestingly, it was found out that charcoal is produced also as a means to obtain income when unexpected expenses like medical needs appear.
Households obtain in average 41.9 head loads of firewood and 38.1 sacks of charcoal (25 kg each) from the forest per month. assessed households thus produce 51,450 kg of charcoal in a month. Considering that in average two to four trees of DBH 0.15-0.3 m are needed to produce 20 smaller sacks of charcoal, and that the average selling price of one sack is kes 100 (eUR 0.93 in Oct 2010), a couple of trees can produce kes 2,000. Consequently, the value of one tree is kes 500 to 1,000. Households earn in average kes 45,720 per year each from charcoal sales. acknowledging these figures, it is easy to understand why charcoal production is common as an income-generating activity.
The charcoal cycle and environmental implications
Field observations revealed that wood extracted for charcoal production is from indigenous forests and woodlands as the households named more than 40 tree species that are used as firewood and charcoal. The most commonly named were Mkami (Newtonia hildebrantii), Mrihi (Brachystegia speciformis) and Mkulu (Diospyros cornii). The used kiln type is above-ground mound kiln formed of piled wood, grass and earth, as also defined by FaO (2010b) and kinyanjui (1987) . The kilns are most often four to five meters in length, 1.2 m in width and 0.6 to 0.8 m in height. around a kiln this size, there usually are two to four tree stumps, often cut as high as 0.5 to 0.7 m above ground with an axe. The diameter of the stumps from that height is in average 0.25 to 0.30 m. The lavish use of wood for charcoal production is a sign of the lack of knowledge in efficient and sustainable production methods. The trees could be cut from their stems with proper saws and the charcoal pieces could be pulverised and pressed into pellets if the knowledge of proper techniques and the means to produce were in place. Figure 6 demonstrates the charcoal cycle in the study area.
For transporting forest products from Dakatcha Woodland, a license from the kenya Forest service (kFs) office in Gede is needed. a one-entry permit costs kes 1,000. Transporters having less than 5 sacks are not charged since it is regarded to be for household use. However, kFs is considering charging them too because it is known that Unsustainable charcoal production as a contributing factor... bicycle transporters often take the charcoal to Malindi to be sold, and actually nearly fulfil the demand there. 60% of the charcoal produced in Dakatcha Woodland is exported to kilifi and Mombasa, and almost all of the rest to Malindi (Ruwa 2010) .
In addition to the license, in the Marafa road toll, small canters pay a cess of kes 200 -and bigger ones kes 500 -when passing by loaded. The toll is functioning day and night with a guard always present. This cess goes directly to the Marafa District Commissioner, according to local informants. There are three other tolls along the roads leading out from Dakatcha Woodland. These too are functioning night and day. according to the toll guards, on the northern road from Marafa towards sabaki Bridge, around 50 loaded canters pass by weekly, most of them during the night. 7 to 10 loaded canters pass by weekly the southern toll point on the hillier road (personal communication on april 24, 2011). The northernmost road toll point close by Fundisa was not assessed. The majority of the cess is for administration expenses (kinayia 2011), and only a part for promoting tree plantations in schools and other places in Dakatcha Woodland (Ruwa 2010) .
all the vehicles coming from Dakatcha Woodland pass by the sabaki Bridge, the only entrance to Malindi town from the north. according to the field observations in sabaki village and communication with Mumbu (2010) and Ruwa (2010) , a canter can take about 100 smaller sacks at one time, while a 10-wheeler lorry may take up to 150 big sacks; a fully loaded pick up carries up to 64 sacks, a fully loaded matatu 15, and a minibus 20 sacks on the roof. Observations during one week in October 2010 in the sabaki Bridge reveal an average of 718 sacks transported daily, totalling up to 160,700 kg of charcoal in a week (Fig. 7) .
In towns, canters and lorries usually sell the charcoal to brokers who have negotiated prices with clients to facilitate the commerce. according to field interviews, the transporters are probably paying themselves off if any problems occur with the police. The brokers and other resellers in towns sell the bigger sack for kes 600 to 1,000 whereas the smaller sacks are sold for kes 300 to 400, and a tin or a small plastic bag of one kg of charcoal for kes 20 in april 2011, according to observations in Marafa, Malindi and Mombasa. an average family of 8 persons copes with one smaller sack for about a week if charcoal is used as the only energy source for cooking (Ruwa 2010) .
Out of the 80 responding households, 14 were not aware of the consequences of excessive forest resource use. The rest stated that less reliable rainfall and prolonged droughts are the most severe consequence together with increased soil erosion. a third of the households saw that the best use of Dakatcha Woodland would be conservation and another third named farming, while a quarter of the households named sustainable use of the land and forest. Poverty is the main hindrance to the best utilisation of the Dakatcha Woodland along with the lack of title deeds, according to the households. Only one of the assessed households had title deed for their land. all but one household wanted formal protection "for our own use and for the future generations". Half of the households would plant trees as a means to conserve the forest, whereas 20 households said that agroforestry could help conserving the forest. Only three households mentioned fencing the forest as a means to conserve it, showing the importance of forest resources to local livelihoods. FaO (2010a) has stated that land use and land cover change is often driven by population growth, which indeed is high in Dakatcha Woodland. Charcoal production and firewood extraction have contributed to the change of land cover in Dakatcha Woodland. It was suggested earlier that charcoal production has been high especially on the western block of the IBa, around Mulunguni and Dakatcha villages. The results of the GIs analysis support this information. Previous studies have suggested a decline in forest cover in Dakatcha Woodland and surrounding area. Findings in my study were actually quite the opposite -the woodland areas have slightly increased, but it was found that they are fragmenting and the spatial distribution has changed. The differences in defining the study area, land cover classes and classification process may explain the difference from previous studies. Concentrations of Brachystegia woodland and Cynometra thicket still exist, but they no longer quite coincide with the IBa in the site. The IBa area definition should be questioned due to these findings as the Brachystegia woodland is considered to be the main breeding site for the endangered Clarke's Weaver (Nature kenya 2008).
Discussion
as the previous chapters suggest, the charcoal offers an important livelihood for the local households in Dakatcha Woodland, but it also degrades the forest resources, which consequently impacts the rest of the forest ecosystem services, and thus causes deterioration of livelihoods as described by the ecosystem services theory (Ma 2005) . Charcoal production in the area is and will remain high due to demand from Malindi, kilifi and Mombasa, and due to the income it brings to local population. Generations after generations continue with lavish resource utilization due to the lack of (environmental) education, suitable legal frameworks, unclear and unjust land tenure and bad management, which was discussed Fig. 6 . Charcoal production, transportation and use in Dakatcha Woodland. In several charcoal production sites pieces of trunks were left on the ground un-burned or partially-burned, and quite an amount of smaller pieces of charcoal enough to fill up several smaller sacks could be found on the already harvested kilns. Photographs were taken in October 2010 and in april 2011 by eeva Ruuska.
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by Mbuvi et al. (2011) .Livelihoods are unsustainable because people lack alternatives.
In order to maintain biodiversity and ecosystem services in the area and bring about development, the sustainability of community-based incomegenerating activities (eco-tourism, bee-keeping, etc.) needs to be developed further, sustainable models of land and forest management need to be increased, alternative sources of energy and devices that save energy must be supported, land tenure must be safeguarded for all, and the forest area must be adjudicated and zoned. In order to combat tree logging for charcoal production it is not enough to gazette the area. This means charcoal production will take place in another place and yet another place as long as there is trees left somewhere. according to Ruwa (2010) , increase in agroforestry to produce charcoal from planted trees instead of indigenous forest is needed in Dakatcha Woodland. afforestation programmes of fast growing tree species could provide alternative sources of forest goods and release pressure on the woodland. as suggested by Mbuvi et al. (2011) the management plan should be done according to the degradation levels of the forest: less disturbed as conservations areas and highly disturbed as settlement areas, which could be under farm forestry controlled by Participatory Forest Management (PFM); areas with high biodiversity could be designated as protected (no-go-zone) areas managed by the Forest Department (FD). The zoning can only be done having knowledge of the land cover.
The semi-illegal and part-time nature of charcoal production makes few charcoal-makers willing to invest in improved charcoal kilns because of the risk of punitive official measures and taxes. For this reason, dissemination of improved charcoal techniques to the informal sector has proved difficult (FaO 2010b). This gives incentive both to legalise the charcoal industry and to improve capacity building. The semi-illegality also maintains charcoal production as part of the informal economy and thus outside the tax system, which, if properly handled, benefits society as a whole (Hakkarainen & Wilska 2007). The Charcoal Regulation that aims at environment-friendly and sustainable production exists but it is not respected, especially in the remote areas of the country like Dakatcha Woodland. Reasons include, among others, lack of resources for control and bribing, which Ngari (2011) opines is the case in local administration and County Council levels. all management actions require increased cooperation between local communities, NGOs and the administration. Charcoal production can be a viable livelihood strategy if forest resources are managed sustainably and if suitable settings for production are in place.
In order to lower the demand for charcoal, other means of sustainable energy provision and utilisation must be developed and subsidised. This can mean subsidies to electricity and cooking oil, education on the effects fuelwood and charcoal smoke have on health, the development of more efficient cooking methods in order to lessen the amount of charcoal used, the development of solar power cookers, etc. Increasing fuel prices set demands for other sustainable energy sources like photovoltaic energy, which has the world's highest household penetration rate in kenya (Goldemberg 2000) , although the reality in Dakatcha Woodland tells differently. solar thermal energy is another option for space heating and cooling, water heating, crop drying and solar cooking: Integrated Food security Program (IFsP) has created a food warmer with insulating banana leaves and cloth to which the pot is wrapped before it is put in a basket (IFsP 2004) . This could be a viable idea to be disseminated also in Dakatcha Woodland. However, the lack of government seriousness related to sustainable energy discussion opposes the development (Ngari 2011). Improved stoves must meet the needs and preferences of users as a stove is not merely an appliance for heating food, but often acts as social focus, means of lighting and space heating. some foods are also believed to taste better when cooked using firewood or charcoal instead of electricity -efficiency is thus not necessarily the first determinant when choosing the cooking device. It must be remembered that in the rural selfsufficient economy, life contains many risks and uncertainties, as the main aim of production is to safeguard one's own subsistence. This leads to avoiding risks and to approaching new inventions and experiments with caution (Todaro 1988 in Hakkarainen & Wilska 2007 .
Conclusions
The main findings of this study state that the production of charcoal is significant in the research area. It is a major source of livelihoods, and even more so due to the lack of alternatives and of interest from the government and investors to develop the area. Charcoal was found to be an important source of energy in a setting were few alternatives are available and the energy policies do not incentive a reduction in the utilisation of this resource. Charcoal production is also a source of forest degradation and ecosystem services decrease in Dakatcha Woodland.
Many themes from this paper could be elaborated further. The land cover change could be studied in a longer time span and in more detail. a postclassification comparison where the classified images are compared to each other pixel by pixel using the change detection matrix would bring more information on the spatial change in land cover classes than a mere comparison of class percentages (Jensen 1996) . This paper took a holistic view to find out how charcoal production influences the changing environment and local livelihoods in Dakatcha Woodland and what could be done to increase the sustainability of the current situation, both regarding the environment and the local livelihoods.
according to the findings, it seems that the local communities are willing to preserve Dakatcha Woodland provided that they get alternative livelihoods. Half of the households would conserve the woodland by planting trees, and a mere fifth would use methods of agroforestry. These are recommended ways to start building a sustainable future for Dakatcha Woodland. Cooperation between different stakeholders is a prerequisite for the sustainable management of the area, while differing interests of different stakeholder groups should all be taken into consideration when planning the future of the woodland. a change in sustainable land and forest management models is needed along with environmental education for both local communities and decision makers. The state of the environment needs to be monitored in order to be able to detect changes in the land cover, and the causes and consequences of these changes. all the stakeholders should understand the interrelations between biodiversity, ecosystem services and the destructive nature of human livelihoods -the realisation of the destructiveness of one's actions may be enough to start the change. In
